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Sources of Variation in Quarter Milk Flow Measures
Abstract
An individual quarter milker was used to measure milk yields at staggered 20-s intervals from 198 Holstein
cows in the Beltsville Agricultural Research Center herd. Several flow rate variables were calculated. The 2792
quarter samples of milk yield were taken during afternoon milkings. Yields and rates of individual quarters
were examined as were effects of lactation, stage of lactation, machine, and cow. Differences between rear and
front quarters were .78 kg for yield and .12 kg/min for maximum rate. Differences between left and right
quarters were .02 kg/min for maximum rate and .10 kg for yield during the period of maximum rate. Yields
departed from front-rear and left-right side patterns. This lack of symmetry, interactions of front-rear by side,
for the yield traits may have been from permanent environmental causes such as developmental error,
mastitis, or injury. Cow effects were important for all traits as were the effects of lactation, stage of lactation,
and machine for many of the traits. Repeatabilities were .63 for maximum rate and .60 for average rate.
Designers of milking machines may wish to account for differences between quarters in newer milking
machines.
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ABSTRACT 
A n  i n d i v i d u a l  q u a r t e r  m i l k e r  w a s  u s e d  
t o  m e a s u r e  m i l k  y i e l d s  a t  s t a g g e r e d  2 0 - s  
i n t e r v a l s  f r o m  1 9 8  H o l s t e i n  c o w s  i n  t h e  
B e l t s v i l l e  A g r i c u l t u r a l  R e s e a r c h  C e n t e r  
h e r d .  S e v e r a l  f l o w  r a t e  v a r i a b l e s  w e r e  
c a l c u l a t e d .  T h e  2 7 9 2  q u a r t e r  s a m p l e s  o f  
m i l k  y i e l d  w e r e  t a k e n  d u r i n g  a f t e r n o o n  
m i l k i n g s ,  y i e l d s  a n d  r a t e s  o f  i n d i v i d u a l  
q u a r t e r s  w e r e  e x a m i n e d  a s  w e r e  e f f e c t s  o f  
l a c t a t i o n ,  s t a g e  o f  l a c t a t i o n ,  m a c h i n e ,  a n d  
c o w .  D i f f e r e n c e s  b e t w e e n  r e a r  a n d  f r o n t  
q u a r t e r s  w e r e  . 7 8  k g  f o r  y i e l d  a n d  . 1 2  
k g / m i n  f o r  m a x i m u m  r a t e .  D i f f e r e n c e s  
b e t w e e n  l e f t  a n d  r i g h t  q u a r t e r s  w e r e  . 0 2  
k g / m i n  f o r  m a x i m u m  r a t e  a n d  . 1 0  k g  f o r  
y i e l d  d u r i n g  t h e  p e r i o d  o f  m a x i m u m  r a t e .  
Y i e l d s  d e p a r t e d  f r o m  f r o n t - r e a r  a n d  l e f t -  
r i g h t  s i d e  p a t t e r n s .  T h i s  l a c k  o f  s y m m e t r y ,  
i n t e r a c t i o n s  o f  f r o n t - r e a r  b y  s i d e ,  f o r  t h e  
y i e l d  t r a i t s  m a y  h a v e  b e e n  f r o m  p e r m a -  
n e n t  e n v i r o n m e n t a l  c a u s e s  s u c h  a s  d e v e l o p -  
m e n t a l  e r r o r ,  m a s t i t i s ,  o r  i n j u r y .  C o w  
e f f e c t s  w e r e  i m p o r t a n t  f o r  a l l  t r a i t s  a s  w e r e  
t h e  e f f e c t s  o f  l a c t a t i o n ,  s t a g e  o f  l a c t a t i o n ,  
a n d  m a c h i n e  f o r  m a n y  o f  t h e  t r a i t s .  R e -  
p e a t a b i l i t i e s  w e r e  . 6 3  f o r  m a x i m u m  r a t e  
a n d  . 6 0  f o r  a v e r a g e  r a t e .  D e s i g n e r s  o f  
m i l k i n g  m a c h i n e s  m a y  w i s h  t o  a c c o u n t  
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INTRODUCTION 
M e a s u r e s  o f  r a t e s  o f  m i l k  f l o w  h a v e  e c o n o m i c  
v a l u e  ( 2 ,  8 ,  9 ,  1 0 ) .  M e a s u r e s  ( t r a i t s ) o f  p r i m a r y  
i m p o r t a n c e  w e r e  t o t a l  m i l k i n g  t i m e  a n d  m a x i -  
m u m  ( p e a k )  r a t e  o f  f l o w .  T h e s e  t r a i t s  g e n e r a l l y  
h a v e  b e e n  i n v e s t i g a t e d  f o r  t h e  w h o l e  u d d e r  ( 9 ,  
1 0 ) .  P r o g e n y  a r e  t e s t e d  f o r  r a t e  o f  m i l k i n g  i n  
H o l l a n d  ( 8 ) ,  a n d  p r o g e n y  t e s t i n g  f o r  t o t a l  
m i l k i n g  t i m e  a d j u s t e d  f o r  m i l k  y i e l d  a n d  h e r d  
a v e r a g e  m i l k i n g  t i m e  h a s  b e e n  r e c o m m e n d e d  
( 2 ) .  V a r i a t i o n  i n  t o t a l  m i l k i n g  t i m e  m a y  b e  a n  
i m p o r t a n t  l a b o r  f a c t o r  i n  s o m e  m i l k i n g  p a r l o r s .  
R a t e  o f  f l o w  d e c l i n e s  t h r o u g h o u t  l a c t a t i o n  f o r  
t h e  w h o l e  u d d e r  ( 1 ,  3 ,  1 0 ) .  S m i t h  e t  a l .  ( 1 0 )  
i n v e s t i g a t e d  m i l k  f l o w  t r a i t s  f o r  w h o l e  u d d e r  
a n d  f o u n d  m a x i m u m  r a t e ,  d u r a t i o n  o f  m a x i -  
m u m  r a t e ,  t i m e  t o  s t r i p ,  s t r i p  t i m e ,  t o t a l  
t i m e ,  a n d  a v e r a g e  r a t e  w e r e  a f f e c t e d  b y  l a c t a -  
t i o n ,  m a c h i n e ,  a n d  i n t e r a c t i o n  o f  s t a g e  o f  
l a c t a t i o n  b y  m a c h i n e .  M i l k  f l o w  d i f f e r e d  
b e t w e e n  A M  a n d  P M  m i l k i n g s .  D i f f e r e n c e s  f o r  
m a c h i n e  w e r e  r e p o r t e d  b y  S m i t h  a n d  P e t e r s o n  
( 1 1 ) ,  B a x t e r  e t  a l .  ( 1 ) ,  a n d  S c h m i d t  a n d  V a n  
V l e c k  ( 9 ) .  S c h m i d t  a n d  V a n  V l e c k  ( 9 )  s u g g e s t e d  
a d j u s t m e n t s  o f  m i l k i n g  r a t e s  f o r  p u l s a t i o n  r a t e s ,  
p u l s a t i o n  r a t i o ,  a n d  v a c u u m .  
E x a m i n a t i o n s  o f  m i l k  f l o w  o n  i n d i v i d u a l  
q u a r t e r s  h a v e  b e e n  l e s s  e x t e n s i v e .  M a t t h e w s  e t  
a l .  ( 7 )  e x a m i n e d  d i f f e r e n c e s  a m o n g  q u a r t e r s  f o r  
y i e l d  p e r  q u a r t e r ,  p r o p o r t i o n  p e r  q u a r t e r ,  a n d  
m i l k  f l o w .  R i g h t  f r o n t  ( R F )  a n d  l e f t  f r o n t  
( L F )  q u a r t e r s  p r o d u c e d  2 1 . 6  a n d  2 0 . 2 %  o f  t h e  
t o t a l  y i e l d ,  w h e r e a s  r i g h t  r e a r  ( R R )  a n d  l e f t  r e a r  
( L R )  q u a r t e r s  p r o d u c e d  2 9 . 0 %  a n d  2 9 . 2 % .  
M a r x  a n d  P u r s e l  ( 6 )  f o u n d  t h a t  f r o n t  q u a r t e r s  
p r o d u c e d  3 9 . 1 %  a n d  l e f t  q u a r t e r s  p r o d u c e d  
4 9 . 5 %  o f  t o t a l  y i e l d .  D i f f e r e n c e s  i n  r a t e s  o f  
m i l k i n g  h a v e  b e e n  r e p o r t e d  ( 6 ,  7 ) .  M a r x  a n d  
1980 J D a i r y  S c i  6 3 : 1 1 3 8 - - 1 1 4 4  1 1 3 8  
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P u r s e l  ( 6 )  f o u n d  r a t e s  o n  R F ,  L F ,  R R ,  a n d  L R  
w e r e  . 5 1 ,  . 4 6 ,  . 7 4 ,  a n d  . 7 2  k g / m i n .  D i f f e r e n c e s  
i n  s t a g e  o f  l a c t a t i o n  ( 6 ,  7 )  a n d  i n  l a c t a t i o n  
f o r  q u a r t e r  f l o w  t r a i t s  ( 7 )  h a v e  b e e n  r e p o r t e d .  
A d v a n c e s  i n  m i l k i n g  m a c h i n e  e n g i n e e r i n g  
h a v e  p r o d u c e d  a u t o m a t i c  t a k e - o f f  u n i t s  t h a t  
r e m o v e  t h e  m i l k i n g  m a c h i n e  f r o m  a l l  q u a r t e r s  
s i m u l t a n e o u s l y  o r  e a c h  i n d i v i d u a l l y .  I n t e r e s t  
a l s o  h a s  f o c u s e d  o n  p r o p e r  t i m e  f o r  r e m o v a l  o f  
t h e  m i l k i n g  m a c h i n e  a n d  i t s  r e l a t i o n s h i p  t o  
i n c i d e n c e  o f  m a s t i t i s .  T o  d e s i g n  m a c h i n e s  t h a t  
m i g h t  a d j u s t  f o r  y i e l d s  a n d  f l o w  r a t e s  o f  i n d i -  
v i d u a l  q u a r t e r s ,  t h e  e n g i n e e r  n e e d s  t o  k n o w  
f a c t o r s  t h a t  a f f e c t  q u a r t e r  y i e l d s  a n d  f l o w  r a t e s  
a n d  t h e i r  r e l a t i v e  p a t t e r n s .  O b j e c t i v e s  w e r e  t o  
d e s c r i b e  v a r i a t i o n  o f  m e a s u r e s  o f  q u a r t e r  f l o w  
a n d  t o  d e t e r m i n e  w h a t  f a c t o r s  a f f e c t  f l o w  t r a i t s  
o f  q u a r t e r s .  
MATERIALS  AND METHODS 
Y i e l d s  o f  i n d i v i d u a l  q u a r t e r s  ( 2 7 9 2 )  w e r e  
r e c o r d e d  a t  2 0 - s  i n t e r v a l s  f r o m  1 9 8  r e g i s t e r e d  
H o l s t e i n  c o w s  i n  t h e  B e l t s v i l l e  A g r i c u l t u r a l  
C e n t e r  h e r d  b e t w e e f i  1 9 6 2  a n d  1 9 6 5 .  T w o  
m i l k i n g  s y s t e m s  w e r e  u s e d .  
S y s t e m  1 w a s  t h e  o l d  s t y l e  D e  L a v a l  6 w i t h  
o p e r a t i n g  v a c u u m  3 0  t o  33 c m  Hg, 4 8  p u l s a t i o n s /  
m i n ,  a n d  a 1 : 1  p u l s a t i o n  r a t i o  o f  m i l k i n g  t o  r e s t  
a l t e r n a t i n g  f r o m  s i d e  t o  s i d e .  S y s t e m  2 w a s  a D e  
L a v a l  M o d e l  1 0 0  w i t h  o p e r a t i n g  v a c u u m  
o f  3 8  t o  4 1  c m  Hg, 6 0  p u l s a t i o n s / m i n ,  a n d  a 
2 . 5 : 1  p u l s a t i o n  r a t i o  o f  m i l k i n g  t o  r e s t ,  m i l k i n g  
a l l  q u a r t e r s  s i m u l t a n e o u s l y .  T h e  c l a w  w a s  
m o d i f i e d  s o  m i l k  f r o m  i n d i v i d u a l  q u a r t e r s  
r e m a i n e d  s e p a r a t e d .  M i l k  f r o m  e a c h  q u a r t e r  w a s  
c o l l e c t e d  i n  g r a d u a t e d  c y l i n d e r s  a t t a c h e d  t o  a 
v a c u u m  s y s t e m  ( F i g u r e  1 ) .  T h e  c u m u l a t i v e  
y i e l d  i n  e a c h  c y l i n d e r  w a s  r e c o r d e d  t o  t h e  
n e a r e s t  . 0 4 5  k g  a t  s t a g g e r e d  2 0 - s  i n t e r v a l s .  A l l  
r e c o r d i n g s  w e r e  d u r i n g  t h e  PM m i l k i n g .  T h r e e  
s t a g e s  o f  l a c t a t i o n  w e r e  d e f i n e d :  1 t o  1 0 0  d a y s ,  
1 0 1  t o  2 0 0  d a y s ,  a n d  2 0 1  t o  3 0 0  d a y s .  O r i g i n -  
a l l y ,  a l l  c o w s  w e r e  t o  b e  s a m p l e d  o n c e  d u r i n g  
e a c h  s t a g e  o f  l a c t a t i o n ,  b u t  s o m e  c o w s  w e r e  
s a m p l e d  f o r  m o r e  t h a n  o n e  l a c t a t i o n .  S t r i p  
p o i n t  w a s  d e f i n e d  f o r  e a c h  q u a r t e r  a s  t h e  p o i n t  
a t  w h i c h  t h e  q u a r t e r  h a d  p r o d u c e d  g r e a t e r  t h a n  
8 5 %  o f  i t s  t o t a l  y i e l d  a n d  a t  w h i c h  m i l k  y i e l d  i n  
t h e  2 0 - s  p e r i o d s  b e f o r e  a n d  a f t e r  t h a t  p o i n t  w a s  
l e s s  t h a n  . 0 4 5  k g .  S i m i l a r l y ,  t h e  p e r i o d  o f  
m a x i m u m  r a t e  w a s  d e f i n e d  as t h e  c o n s e c u t i v e  
2 0 - s  p e r i o d s  w i t h i n  . 0 4 5  k g  o f  t h e  p e r i o d  w i t h  
h i g h e s t  y i e l d .  D u r a t i o n  ( o f  m a x i m u m  y i e l d )  w a s  
d e f i n e d  a s  t h e  p e r i o d  a t  w h i c h  m a x i m u m  r a t e  
w a s  m a i n t a i n e d ,  a n d  m a x i m u m  y i e l d  w a s  t h e  
y i e l d  d u r i n g  t h e  p e r i o d  o f  m a x i m u m  r a t e .  
A v e r a g e  r a t e  w a s  d e f i n e d  a s  t h e  y i e l d  t o  s t r i p  
p o i n t  d i v i d e d  b y  t h e  t i m e  t o  s t r i p  p o i n t .  
T w o  d a t a  s e t s  w e r e  f o r m e d .  D a t a  s e t  1 
c o n t a i n e d  y i e l d  p e r  q u a r t e r  a n d  p r o p o r t i o n  o f  a 
c o w ' s  t o t a l  y i e l d  p e r  q u a r t e r  f o r  a l l  c o w s .  D a t a  
s e t  2 c o n t a i n e d  m e a s u r e s  o f  f l o w  r a t e s  a n d  t i m e  
f o r  a l l  m i l k i n g s  w h e r e  y i e l d  f r o m  e a c h  q u a r t e r  
w a s  g r e a t e r  t h a n  1 . 1 3  k g .  E s t i m a t e s  o f  f l o w  
r a t e s  f o r  q u a r t e r s  y i e l d i n g  l e s s  t h a n  1 . 1 3  k g  
w e r e  e r r a t i c  b e c a u s e  o f  t h e  d i s c r e t e  r e a d i n g s  a t  
2 0 - s  i n t e r v a l s ;  t h e y  w e r e  d i s c a r d e d ,  l e a v i n g  
1 7 9 0  o b s e r v a t i o n s  f r o m  1 6 8  c o w s .  T h e  d i s -  
6 Mention o f  a trade name, proprietary product, o r  
specific e q u i p m e n t  does n o t  c o n s t i t u t e  a guarantee or 
warranty b y  t h e  United States Department o f  Agri- 
culture and does n o t  imply its approval t o  the exclu- 
sion o f  other products t h a t  may be suitable. Figure 1. Quarter milker. 
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c a r d i n g  o f  s m a l l e r  y i e l d s  d i s p r o p o r t i o n a t e l y  
a f f e c t e d  t h e  n u m b e r  o f  s a m p l e s  f r o m  l a c t a t i o n  
s t a g e  3 .  T h i s  d i s c a r d i n g  s h o w s  i n  t h e  d i s t r i b u t i o n  
o f  s a m p l e s  b y  l a c t a t i o n  a n d  s t a g e  o f  l a c t a t i o n  i n  
T a b l e  1. M i l k  y i e l d  a n d  f l o w  r a t e  t r a i t s  o f  
t h e  o b s e r v a t i o n s  f r o m  d a t a  s e t  2 w e r e  a n a l y z e d  
t h e n  b y  t h e  m i x e d  m o d e l :  
y = X3  + Zu  + e 
w h e r e  
y i s  t h e  m e a s u r e  f o r  a q u a r t e r  f l o w  t r a i t ,  
13 i n c l u d e s  f i x e d  e f f e c t s  o f  l a c t a t i o n ,  s t a g e  o f  
l a c t a t i o n ,  s i d e ,  f r o n t - r e a r ,  m a c h i n e ,  a n d  
i n t e r a c t i o n s  o f  s i d e  b y  f r o n t - r e a r ,  s i d e  b y  
m a c h i n e ,  s t a g e  b y  s i d e ,  s t a g e  b y  f r o n t - r e a r ,  
s t a g e  b y  m a c h i n e ,  f r o n t - r e a r  b y  m a c h i n e ,  
s i d e  b y  f r o n t - r e a r  b y  m a c h i n e ,  
u i n c l u d e s  r a n d o m  e f f e c t s  o f  c o w s ,  
e i n c l u d e s  r a n d o m  e r r o r ,  a n d  
X a n d  Z a r e  k n o w n  f i x e d  i n c i d e n c e  m a t r i c e s .  
T h e  e x p e c t a t i o n s  o f  E ( u )  a n d  E ( e )  a r e  n u l l  
a n d  
o loCI. 
C o w  a n d  e r r o r  v a r i a n c e s  w e r e  c o m p u t e d  b y  
H e n d e r s o n ' s  M e t h o d  3 ( 4 )  a n d  w e r e  u s e d  f o r  
r e p e a t a b i l i t i e s  o f  f l o w  r a t e  t r a i t s .  
RESULTS AND DISCUSSION 
M e a n s ,  s t a n d a r d  d e v i a t i o n s ,  a n d  r a n g e s  f o r  
m i l k  y i e l d  a n d  p r o p o r t i o n  o f  m i l k  y i e l d  p e r  
q u a r t e r  f r o m  d a t a  s e t  1 a r e  i n  T a b l e  2 .  T h e  L R  
a n d  R R  q u a r t e r s  p r o d u c e d  2 . 4 7  a n d  2 . 3 5  k g  
TABLE 1. N u m b e r  o f  o b s e r v a t i o n s  b y  l a c t a t i o n  a n d  
s t a g e  o f  l a c t a t i o n  f o r  q u a r t e r  m i l k  f l o w  r a t e  ( d a t a  s e t  
2). 
Lactation Stage 
no. 1 2 3 T o t a l  
1 304 316 171 791 
2 252 212 64 528 
~ 3  2 4 4  151 76 471 
T o t a l  800 679 311 1790 
w h i l e  L F  a n d  R F  q u a r t e r s  p r o d u c e d  1 . 6 7  a n d  
1 . 6 8  k g .  F r o n t  q u a r t e r s  p r o d u c e d  4 0 . 6 %  o f  t h e  
t o t a l  y i e l d ,  a n d  l e f t  q u a r t e r s  p r o d u c e d  5 0 . 8 % .  
S i m i l a r  p r o p o r t i o n s  f o r  f r o n t  q u a r t e r s  o f  4 1 . 8 %  
h a v e  b e e n  r e p o r t e d  b y  M a t t h e w s  e t  a l .  ( 7 ) ,  
4 1 . 2 %  b y  J o h a n s s o n  a n d  K o r k m a n  ( 5 ) ,  a n d  
3 9 . 1 %  b y  M a r x  a n d  P u r s e l  ( 6 ) .  L e f t  q u a r t e r  
p r o p o r t i o n s  o f  4 9 . 9 % ,  4 9 . 5 % ,  a n d  4 9 . 4 %  h a v e  
b e e n  r e p o r t e d  ( 5 ,  6 ,  7 )  a n d  a r e  l e s s  t h a n  o u r  
5 0 . 8 % .  B e c a u s e  p r i m a r y  i n t e r e s t  w a s  i n  e x a m i n -  
i n g  f l o w  r a t e  t r a i t s ,  n o  f u r t h e r  a n a l y s i s  c o n c e r n s  
y i e l d  a n d  p r o p o r t i o n  p e r  q u a r t e r  f r o m  d a t a  s e t  
1 .  
A r i t h m e t i c  m e a n s ,  s t a n d a r d  d e v i a t i o n s ,  a n d  
r a n g e s  f o r  m e a s u r e s  o f  m i l k  f l o w  r a t e  a r e  i n  
T a b l e  3. A l l  y i e l d s  l e s s  t h a n  1 . 1 3  k g  w e r e  
r e m o v e d  f r o m  d a t a  s e t  1 t o  f o r m  d a t a  s e t  2 .  A s  
e x p e c t e d  w i t h  r e m o v a l  o f  s m a l l e r  y i e l d s ,  
a v e r a g e  y i e l d s  p e r  q u a r t e r  i n  d a t a  s e t  2 w e r e  
l a r g e r  t h a n  i n  d a t a  s e t  1. M a x i m u m  r a t e s  
( k g / m i n )  ( T a b l e  3 )  f o r  R F ,  L F ,  R R ,  a n d  L R  o f  
. 5 8 ,  . 5 9 ,  . 6 8 ,  a n d  . 7 0  a r e  c l o s e  t o  t h o s e  b y  
M a r x  a n d  P u r s e l  ( 6 )  o f  . 5 1 ,  . 4 6 ,  . 7 4 ,  a n d  . 7 2 .  
S i n c e  t h e  m a c h i n e  s y s t e m  o f  M a r x  a n d  P u r s e l  
( 6 )  i s  u n k n o w n ,  a c o m p a r i s o n  i s  d i f f i c u l t  t o  
i n t e r p r e t .  F r o n t  q u a r t e r s  p r o d u c e d  l e s s  m i l k  
f r o m  i n i t i a t i o n  o f  m i l k i n g  t o  s t r i p  p o i n t  ( y i e l d  
t o  s t r i p ) ,  r e q u i r e d  m o r e  s t r i p  t i m e ,  a n d  y i e l d e d  
m o r e  m i l k  ( s t r i p  y i e l d )  d u r i n g  t h e  s t r i p  p e r i o d .  
A n a l y s i s  o f  v a r i a n c e  i s  i n  T a b l e  4 .  A l l  l i n e s  
f o r  m a i n  e f f e c t s  f o r  a l l  q u a r t e r  t r a i t s  r e p r e s e n t  
m a i n  e f f e c t s  a v e r a g e d  e q u a l l y  o v e r  t h e i r  i n t e r -  
a c t i o n s  a n d  s o  a f f e c t  d i s c u s s i o n  o f  r e s u l t s .  
E f f e c t s  o f  l a c t a t i o n s  w e r e  s i g n i f i c a n t  f o r  a l l  
t r a i t s  e x c e p t  f o r  s t r i p  y i e l d  a n d  s t r i p  t i m e .  
A v e r a g e  y i e l d  p e r  q u a r t e r  i n c r e a s e d  f r o m  1 . 9 5  
k g  f o r  f i r s t  l a c t a t i o n  t o  2 . 5 8  k g  p e r  q u a r t e r  f o r  
t h i r d  a n d  l a t e r  l a c t a t i o n s .  A v e r a g e  m a x i m u m  
r a t e  d e c l i n e d  . 1 4  k g / m i n  a n d  a v e r a g e  r a t e  a l s o  
d e c l i n e d  . 0 6  k g / m i n  d u r i n g  t h e  s a m e  p e r i o d .  
T h e s e  r e s u l t s  w e r e  s i m i l a r  t o  t h o s e  b y  M a t t h e w s  
e t  a l .  ( 7 ) .  S t a g e  o f  l a c t a t i o n  w a s  i m p o r t a n t  f o r  
a l l  q u a r t e r  t r a i t s  e x c e p t  s t r i p  t i m e .  Y i e l d s  a n d  
r a t e s  b o t h  d e c l i n e d  t h r o u g h  l a c t a t i o n .  O t h e r  
r e s e a r c h e r s  ( 1 ,  3, 9 )  h a v e  r e p o r t e d  t h a t  p e a k  
a n d  a v e r a g e  r a t e s  o n  a w h o l e  u d d e r  b a s i s  
d e c l i n e d  t h r o u g h o u t  l a c t a t i o n .  
S i d e s  d i f f e r e d  o n l y  i n  m a x i m u m  r a t e ,  y i e l d  
d u r i n g  p e r i o d  o f  m a x i m u m  r a t e ,  a n d  a v e r a g e  
r a t e .  Q u a r t e r s  o n  t h e  l e f t  s i d e  ( T a b l e  5 )  h a d  a 
m a x i m u m  r a t e  o f . 0 2  k g / m i n  m o r e  t h a n  q u a r t e r s  
o n  t h e  r i g h t  s i d e  a n d  y i e l d e d  .1 k g  m o r e  d u r i n g  
t h e  p e r i o d  o f  m a x i m u m  r a t e .  E q u a l  b i l a t e r a l  
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TABLE 2. Means, standard deviations, and ranges f o r  m i l k  y i e l d  and p r o p o r t i o n  per q u a r t e r  f o r  all cows. 
Quarter 
L e f t  Right L e f t  Right 
Trait f r o n t  f r o n t  rear rear 
(698) a (698) (698) (698) 
Yield/quarter (kg) 
Mean 1.67 1.68 2.47 2.35 
Standard deviation .82 .84 1.06 1.02 
Maximum value 4.49 5.53 6.39 6.53 
Minimum value .05 .09 .09 .09 
P r o p o r t i o n / q u a r t e r  (%) 
Mean 20.37 20.19 30.44 29.01 
Standard deviation 5.31 5.34 5.52 6.14 
Maximum value 42.90 50.00 50.50 54.30 
Minimum value 1.60 1.80 11.10 7.30 
aNumber in parentheses indicates number o f  observations. 
d e v e l o p m e n t  s h o u l d  p r o d u c e  l i t t l e  o r  n o  
d i f f e r e n c e  b e t w e e n  l e f t  a n d  r i g h t  q u a r t e r s .  A n y  
d e v i a t i o n  f r o m  b i l a t e r a l  s y m m e t r y  m a y  r e s u l t  
f r o m  e r r o r s  i n  d e v e l o p m e n t  o r  m a s t i t i s .  C o w s  
w e r e  m i l k e d  i n  s t a n c h i o n  b a r n s  f r o m  t h e  r i g h t  
s i d e .  F r o n t  d i f f e r e d  f r o m  r e a r  f o r  a l l  t r a i t s  
e x c e p t  d u r a t i o n  o f  m a x i m u m  r a t e .  R e a r  q u a r t e r s  
( T a b l e  5 )  p r o d u c e d  . 7 8  k g  m o r e  m i l k  a t  . 1 2  
k g / m i n  f a s t e r  m a x i m u m  r a t e  t h a n  f r o n t  q u a r t e r s .  
M a t t h e w s  e t  a l .  ( 7 )  a l s o  f o u n d  t h a t  r e a r  q u a r t e r s  
m i l k e d  f a s t e r .  D e v i a t i o n  f r o m  f r o n t - r e a r  a n d  
s i d e  p a t t e r n s  w a s  e x a m i n e d  t h r o u g h  i n t e r a c t i o n  
o f  s i d e  b y  f r o n t - r e a r  w h i c h  w a s  s i g n i f i c a n t  f o r  
a l l  y i e l d  t r a i t s .  T h i s  a s y m m e t r y  m a y  b e  f r o m  
p e r m a n e n t  e n v i r o n m e n t a l  d i f f e r e n c e s  c a u s e d  b y  
m a s t i t i s  o r  i n j u r y .  
M a c h i n e s  d i f f e r e d  f o r  m a x i m u m  a n d  a v e r a g e  
r a t e s  a n d  d u r a t i o n  o f  m a x i m u m  r a t e ,  w i t h  
f a s t e r  r a t e s  b e i n g  a s s o c i a t e d  w i t h  c o w s  m i l k e d  
b y  t h e  D e  L a v a l  1 0 0 .  T h e  D e  L a v a l  1 0 0  h a d  a 
h i g h e r  o p e r a t i n g  v a c u u m ,  m o r e  p u l s a t i o n s ,  a n d  
a r e s t  p u l s a t i o n  r a t i o  d i f f e r e n t  f r o m  t h e  o l d  D e  
L a v a l .  S m i t h  a n d  P e t e r s o n  ( 1 1 ) ,  B a x t e r  ( 1 ) ,  a n d  
S m i t h  e t  a l .  ( 1 0 )  f o u n d  t h a t  i n c r e a s e d  v a c u u m  
c a u s e d  f a s t e r  r a t e s  f o r  w h o l e  u d d e r s .  I n t e r -  
a c t i o n s  o f  s t a g e  b y  s i d e ,  s t a g e  b y  f r o n t - r e a r ,  
m a c h i n e  b y  s i d e ,  a n d  t h e  t h r e e  w a y  i n t e r a c t i o n  
o f  s i d e  b y  f r o n t - r e a r  b y  m a c h i n e  w e r e  u n i m -  
p o r t a n t .  I n t e r a c t i o n  o f  s t a g e  w i t h  m a c h i n e  
a f f e c t e d  m a x i m u m  r a t e  a n d  d u r a t i o n  o f  m a x i -  
m u m  r a t e .  T h e s e  r e s u l t s  a r e  s i m i l a r  t o  t h o s e  o n  
w h o l e  u d d e r s  b y  S m i t h  e t  al. ( 1 0 ) .  T h e  i n t e r -  
a c t i o n  o f  m a c h i n e  b y  f r o n t - r e a r  w a s  a l s o  
i m p o r t a n t  f o r  m a x i m u m  a n d  a v e r a g e  r a t e .  
D i f f e r e n t  o p e r a t i n g  c h a r a c t e r i s t i c s  o f  m a c h i n e s  
( v a c u u m ,  p u l s a t i o n  r a t i o ,  n u m b e r  o f  p u l s a t i o n s )  
e x t r a c t e d  m i l k  a t  r a t e s  t h a t  d i f f e r e d  f r o m  t h e  
a v e r a g e  p a t t e r n s  e x p e c t e d  f o r  f r o n t  vs. r e a r .  
T h i s  d i f f e r e n c e  is s t r o n g  e v i d e n c e  t h a t  m a c h i n e  
d e s i g n  s h o u l d  t a k e  i n t o  a c c o u n t  f r o n t  a n d  r e a r  
v a r i a t i o n .  
C o w  e f f e c t s  w e r e  i m p o r t a n t  f o r  a l l  t r a i t s .  R e -  
p e a t a b i l i t i e s  f o r  t h e  t r a i t s  r a n g e d  f r o m  a l o w  o f  
.1 f o r  y i e l d  d u r i n g  p e r i o d  o f  m a x i m u m  r a t e  t o  
. 6 0  a n d  . 6 3  f o r  a v e r a g e  a n d  m a x i m u m  r a t e .  
T h e s e  r e p e a t a b i l i t i e s  a r e  c l o s e  t o  t h o s e  b y  S m i t h  
e t  a l .  ( 1 0 )  f o r  w h o l e  u d d e r s  b e c a u s e  d e f i n i t i o n s  
o f  t r a i t s  a r e  s i m i l a r .  
SUMMARY AND CONCLUSIONS 
M e a s u r e s  o f  y i e l d  a n d  r a t e  o f  m i l k  f l o w  a n d  
v o l u m e  w e r e  e x a m i n e d  f o r  e f f e c t s  o f  l a c t a t i o n ,  
s t a g e  o f  l a c t a t i o n ,  q u a r t e r s ,  a n d  m a c h i n e  t y p e  
t o  m e a s u r e  d i f f e r e n c e s  a m o n g  q u a r t e r s .  F r o n t  
d i f f e r e d  f r o m  r e a r  f o r  n e a r l y  a l l  t r a i t s  w h e r e a s  
s i d e s  d i f f e r e d  f o r  m a x i m u m  a n d  a v e r a g e  r a t e .  
I n t e r a c t i o n s  b e t w e e n  s i d e  a n d  f r o n t  a n d  r e a r  
e x i s t e d  f o r  y i e l d  t r a i t s .  I n t e r a c t i o n  o f  f r o n t - r e a r  
w i t h  m a c h i n e  w a s  s i g n i f i c a n t  a l s o  f o r  a v e r a g e  
a n d  m a x i m u m  r a t e .  T h e s e  p a t t e r n s  c o u l d  b e  
u s e d  i n  m i l k i n g  m a c h i n e  e n g i n e e r i n g  b y  o n e  o f  
t w o  a p p r o a c h e s .  U n i t s  c o u l d  b e  r e m o v e d  a t  
d i f f e r e n t  t i m e s  f r o m  e a c h  q u a r t e r  o r  r e m o v e d  a t  
t h e  s a m e  t i m e  i f  m a c h i n e  c o n t r o l s  c o u l d  b e  
Journal o f  Dairy Science Vol. 63, No. 7, 1980 
1 1 4 2  R O T H S C H I L D  E T  A L .  
T A B L E  3. M e a n s ,  s t a n d a r d  d e v i a t i o n s ,  a n d  r a n g e s  f o r  q u a r t e r  t r a i t s  ( d a t a  s e t  2 ) .  
Q u a r t e r  
L e f t  R i g h t  L e f t  R i g h t  
T r a i t  f r o n t  f r o n t  r e a r  r e a r  
Y i e l d / q u a r t e r  ( k g )  
M e a n  
S t a n d a r d  d e v i a t i o n  
M a x i m u m  
M i n i m u m  
M a x i m u m  r a t e  ( k g / m i n )  
M e a n  
S t a n d a r d  d e v i a t i o n  
M a x i m u m  
M i n i m u m  
D u r a t i o n  o f  m a x i m u m  r a t e  ( r a i n )  
M e a n  
S t a n d a r d  d e v i a t i o n  
M a x i m u m  
M i n i m u m  
Y i e l d  d u r i n g  p e r i o d  o f  
m a x i m u m  r a t e  ( k g )  
M e a n  
S t a n d a r d  d e v i a t i o n  
M a x i m u m  
M i n i m u m  
T i m e  t o  s t r i p  ( r a i n )  
M e a n  
S t a n d a r d  d e v i a t i o n  
M a x i m u m  
M i n i m u m  
S t r i p  t i m e  ( m i n )  
M e a n  
S t a n d a r d  d e v i a t i o n  
M a x i m u m  
M i n i m u m  
Y i e l d  t o  s t r i p  ( k g )  
M e a n  
S t a n d a r d  d e v i a t i o n  
M a x i m u m  
M i n i m u m  
S t r i p  y i e l d  ( k g )  
M e a n  
S t a n d a r d  d e v i a t i o n  
M a x i m u m  
M i n i m u m  
A v e r a g e  r a t e  ( k g / m i n )  
M e a n  
S t a n d a r d  d e v i a t i o n  
M a x i m u m  
M i n i m u m  
( 4 4 8 )  a 
2 . 0 6  
. 6 8  
4 . 4 9  
1 . 1 3  
. 5 9  
. 2 2  
1 . 5 0  
. 1 8  
2 . 6 1  
1 . 4 9  
1 2 . 0 0  
. 6 7  
1 . 3 5  
. 5 1  
3.76 
. 3 2  
5 . 1 2  
2 . 3 1  
1 8 . 6 7  
2 . 0 0  
2 . 9 2  
1 . 7 0  
1 2 . 3 3  
. 0 0  
1 . 9 6  
. 6 8  
4 . 3 5  
1 . 0 0  
.11 
. 0 8  
. 4 1  
. 0 0  
. 4 2  
. 1 5  
1 . 0 9  
. 0 9  
( 4 4 7 )  
2 . 0 9  
. 6 9  
5 . 5 3  
1 . 1 3  
. 5 8  
. 2 3  
1 . 3 6  
. 1 4  
2 . 5 6  
1 . 4 7  
1 0 . 6 7  
1 . 0 0  
1.30 
. 5 2  
3 . 6 0  
. 3 6  
5 . 5 5  
2 . 6 0  
1 9 . 6 7  
2 . 0 0  
2 . 4 9  
1 . 5 5  
1 1 . 6 7  
. 0 0  
1 . 9 8  
. 6 9  
5 . 5 3  
1.00 
. 1 2  
. 0 9  
. 4 5  
. 0 0  
. 4 0  
. 1 6  
1 . 0 0  
. 0 5  
( 4 4 8 )  
2 . 9 1  
. 9 4  
6 . 3 9  
1 . 1 8  
. 7 0  
. 2 7  
1.91 
. 2 3  
2 . 7 0  
1 . 4 6  
1 0 . 3 3  
1 . 0 0  
1 . 6 8  
. 6 9  
5 . 4 9  
. 3 6  
6 , 0 7  
2 . 6 0  
1 9 . 0 0  
1.67 
1.97 
1 . 3 0  
9 . 0 0  
. 3 3  
2 . 8 2  
. 9 4  
6 . 3 5  
1 . 0 9  
. 0 9  
. 0 9  
. 5 4  
. 0 0  
. 5 1  
. 1 9  
1 . 5 0  
. 1 4  
( 4 4 7 )  
2 . 7 6  
. 9 1  
6.53 
1 . 1 3  
. 6 8  
. 2 7  
2 . 0 9  
. 1 4  
2 . 5 5  
1 . 4 8  
1 2 . 6 7  
1 . 0 0  
1 . 5 1  
. 6 1  
3 . 8 1  
. 3 6  
5 . 9 7  
2 . 4 6  
1 8 . 3 3  
2 . 0 0  
2 . 0 7  
1 . 5 0  
1 1 . 0 0  
. 3 3  
2.67 
. 9 2  
6 . 3 5  
1.04 
. 1 0  
. 0 9  
. 5 4  
. 0 0  
. 4 9  
. 1 9  
1 . 3 1  
. 0 9  
a N u m b e r  i n  p a r e n t h e s e s  i n d i c a t e s  n u m b e r  o f  o b s e r v a t i o n s .  
J o u r n a l  o f  D a i r y  S c i e n c e  V o l .  6 3 ,  N o .  7 ,  1 9 8 0  
T A B L E  4 .  M e a n  s q u a r e s  f o r  l a c t a t i o n ,  s t a g e ,  s i d e ,  f r o n t - r e a r ,  m a c h i n e ,  a n d  c o w  a n d  t h e i r  i n t e r a c t i o n s  f o r  q u a r t e r  f l o w  t r a i t s .  
M e a n  s q u a r e s  f o r  e f f e c t s  a 
S i d e  S t a g e  S i d e  b y  
L a c t a -  b y  S t a g e  b y  F r o n t -  S t a g e  f r o n t -  
t i o n  F r o n t -  f r o n t -  b y  f r o n t -  M a c h i n e  r e a r  b y  b y  r e a r  b y  
n o .  S t a g e  S i d e  r e a r  r e a r  s i d e  r e a r  M a c h i n e  b y  s i d e  m a c h i n e  m a c h i n e  m a c h i n e  C o w  E r r o r  
D e g r e e s  o f  
f r e e d o m  2 2 1 1 1 2 2 1 1 1 2 1 1 6 7  1 6 0 5  
o 
Oq 
Q u a r t e r  t r a i t  
Y i e l d  1 5 . 6 4 7 " *  7 6 . 9 8 3 * *  
M a x i m u m  r a t e  . 5 0 4 *  * . 6 0 1  * * 
D u r a t i o n  o f  
m a x i m u m  r a t e  3 2 . 2 2 4 * *  2 2 . 5 1 4 ' *  
Y i e l d  d u r i n g  
p e r i o d  o f  
m a x i m u m  r a t e  3 . 0 2 7 * *  1 2 . 4 6 3 " *  
T i m e  t o  s t r i p  1 7 4 . 5 2 5 " *  2 2 8 . 9 5 0 * *  
S t r i p  t i m e  3 . 4 9 3  4 . 2 2 6  
Y i e l d  t o  s t r i p  1 5 . 3 7 5 " *  7 7 . 8 9 5 * *  
S t r i p  y i e l d  . 0 0 1  . 0 3 7 *  * 
A v e r a g e  r a t e  . 1 2 1 "  * . 4 7 5 *  * 
. 9 2 3  1 5 7 . 5 7 8 " *  2 . 4 3 9 * *  . 0 7 7  . 5 8 7  1 . 0 5 1  . 0 2 2  . 9 6 0  . 0 6 6  . 0 1 4  1 . 8 1 2 " *  . 3 1 6  
. 1 2 4 "  3 . 6 3 3 * *  . 0 3 9  . 0 3 0  . 0 1 0  . 5 6 1 " *  . 0 0 5  . 1 3 0 "  . 0 7 5 *  . 0 2 9  . 4 2 3 * *  . 0 2 3  
. 6 4 7  . 3 7 1  . 9 6 4  . 7 8 3  4 . 5 0 1 "  1 6 . 9 2 " *  . 6 9 4  2 . 6 3 5  5 . 1 7 4 "  . 1 2 8  8 . 4 2 3 * *  1 . 4 3 2  
2 . 6 6 1 " *  2 6 . 4 3 7 * *  1 . 7 1 3 "  . 2 4 5  . 8 4 9  . 3 7 7  . o 0 0  . 5 1 5  . 5 4 0  . 3 6 7  . 6 8 1 " *  . 2 8 7  
6 . 6 9 0  1 1 2 . 1 8 5 " *  l O . 2 4 7 "  1 . 1 9 4  . 2 4 7  8 9 . 4 4 1 " *  . 9 1 5  . 2 5 3  3 . 0 8 2  3 . 9 7 2  3 4 . 1 8 0 " *  2 . 3 9 3  
6 . 8 4 3  1 1 1 . 5 6 2 " *  1 1 . 3 4 2 "  1 . 2 7 8  . 2 8 7  . 7 3 5  . 9 3 8  . 2 4 1  1 . o 4 6  3 . 2 0 7  5 . 7 8 1 " *  1 . 8 8 2  
1 . 1 8 3  1 6 4 . 6 1 3 " *  2 . 2 3 5 * *  . o 8 1  . 5 1 2  . 9 3 8  . 0 3 0  . 8 8 4  . 0 8 3  . 0 0 5  1 . 7 9 8 " *  . 3 2 5  
. 0 1 6  . 0 7 7 * *  . 0 0 4  . 0 0 7  . 0 0 3  . 0 0 3  . 0 0 1  . 0 0 2  . 0 0 4  . 0 0 2  . 0 1 6 " *  . 0 0 6  
. 0 9 0 * *  2 . 8 7 8 * *  . o 1 0  . 0 0 9  . 0 2 3  . 3 1 0 " *  . 0 0 5  . 0 6 6 *  . 0 1 0  . 0 2 9  . 1 9 5 " *  . 0 1 2  
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a T e s t s  f o r  m a i n  e f f e c t s  f o r  w h i c h  i n t e r a c t i o n s  w e r e  i n c l u d e d  i n  t h e  m o d e l  r e f l e c t  d i f f e r e n c e s  o f  m a i n  e f f e c t s  a v e r a g e d  o v e r  i n t e r a c t i o n  e f f e c t s .  
* P < . 0 5 .  
* * P < . O 1 .  
1 1 4 4  R O T H S C H I L D  E T  A L .  
T A B L E  5 .  L e a s t  s q u a r e s  m e a n s  a f o r  q u a r t e r  m i l k  f l o w  r a t e  t r a i t s  b y  s i d e s  a n d  f r o n t  a n d  r e a r .  
Q u a r t e r s  
Q u a r t e r  t r a i t  L e f t  R i g h t  F r o n t  R e a r  
S E  X S E  ~ S E  ~ S E  
Y i e l d / q u a r t e r  ( k g )  2 . 3 6 0  . 0 3 1  2 . 3 0 1  . 0 3 1  1 . 9 4 0  . 0 3 1  2 . 7 2 1  . 0 3 1  
M a x i m u m  r a t e  
( k g / m i n )  . 6 4 0  . 0 0 8  . 6 1 9  . 0 0 8  . 5 7 0  . 0 0 8  . 6 8 9  . 0 0 8  
D u r a t i o n  o f  m a x i -  
m u m  r a t e  ( m i n )  2 . 4 5 5  . 0 6 6  2 . 4 0 5  . 0 6 6  2 . 4 1 1  . 0 6 6  2 . 4 4 9  . 0 6 6  
Y i e l d  d u r i n g  p e r i o d  
o f  m a x i m u m  r a t e  
( k g )  1 . 4 5 0  . 0 2 9  1 . 3 4 8  . 0 2 9  1 . 2 3 9  . 0 2 9  1 . 5 5 9  . 0 2 9  
T i m e  t o  s t r i p  
( m i n )  5 . 1 6 5  . 0 8 5  5 . 3 2 6  . 0 8 5  4 . 9 1 6  . 0 8 5  5 . 5 7 5  . 0 8 5  
S t r i p  t i m e  ( k g )  2 . 4 7 9  . 0 7 5  2 . 3 1 6  . 0 7 5  2 . 7 2 6  . 0 7 5  2 . 0 6 9  . 0 7 5  
Y i e l d  t o  s t r i p  
( k g )  2 . 2 5 6  . 0 3 1  2 . 1 8 9  . 0 3 1  1 . 8 2 3  . 0 3 1  2 . 6 2 2  . 0 3 1  
S t r i p  y i e l d  
( k g )  . 1 0 4  . 0 0 4  . 1 1 2  . 0 0 4  . 1 1 7  . 0 0 4  . 0 9 9  . 0 0 4  
A v e r a g e  r a t e  
( k g / m i n )  . 4 5 9  . 0 0 6  . 4 4 0  . 0 0 6  . 3 9 7  . 0 0 6  . 5 0 3  . 0 0 6  
a L e a s t  s q u a r e  m e a n s  r e p r e s e n t  e s t i m a b l e  f u n c t i o n s  o f  m a i n  e f f e c t s  a v e r a g e d  o v e r  i n t e r a c t i o n s .  
a d j u s t e d  t o  a c c o u n t  f o r  y i e l d s  a n d  m i l k i n g  r a t e s  
i n  d i f f e r e n t  q u a r t e r s .  T h e s e  c h a n g e s  m a y  b e  
w o r t h w h i l e  f o r  p o s s i b l e  h a z a r d s  s u c h  a s  o v e r -  
m i l k i n g  a n d  i n c o r r e c t  m a c h i n e  c o n t r o l  f o r  
c e r t a i n  q u a r t e r s .  D e v i a t i o n s  f r o m  t h e  f r o n t - r e a r  
a n d  s i d e  p a t t e r n s  i n  i n t e r a c t i o n  o f  s i d e  w i t h  
f r o n t - r e a r  f o r  t h e  y i e l d  t r a i t s  a r e  i n d i v i d u a l  f o r  
e a c h  c o w  a n d  m a y  b e  m o r e  d i f f i c u l t  t o  m a n a g e  
a n d  l e s s  i m p o r t a n t .  M o r e  w o r k  i s  n e e d e d  t o  
m e a s u r e  c o s t s  o f  o v e r m i l k i n g  a n d  p o s s i b l e  g a i n s  
i f  m i l k i n g  m a c h i n e s  c o u l d  a c c o u n t  f o r  d i f f e r -  
e n c e s  a m o n g  q u a r t e r s .  
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